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(54) Process for producing a multif ilamentary superconducting tape and electrically conductive 
element comprising said tape 


(57) A process for producing a multif ilamentary con- 
ductive tape of the type comprising a plurality of layers 
of a high-temperature superconducting material, incor- 
porated in a mutually spaced relationship within a metal 
matrix, comprises the steps of: a) submitting to plastic 
deformation individual metal tubes including a precursor 
of a superconducting material, so as to obtain a plurality 
of elementary tapes structurally independent from one 
another; b) coupling the tapes so obtained by means of 
a heat treatment at a temperature and for a time suffi- 


cient to establish a stable mutual connection between 
said tapes. The multifitamentary tape so obtained or 
possibly the independent tapes, are then subjected to at 
least one sintering step, which may be followed by one 
or more cycles of plastic deformation and sintering. 
Advantageously, the process of the invention allows to 
increase the fill factor of the tape, with a corresponding 
increase in the critical current in superconductivity con- 
ditions. 
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Description 

In a general aspect, this invention relates to a proc- 
ess for producing a multif ilamentary conductive tape of 
the type comprising a plurality of layers of a high-tem- 
perature superconducting material incorporated in 
mutually spaced relationship within a metal matrix. 

More particularly, the invention relates to a process 
wherein a plurality of metal tubes, including a precursor 
of a superconducting material, are subjected to at least 
one plastic deformation step and at least one sintering 
step. 

In the following description and in the subsequent 
claims, the term: high-temperature superconducting 
material, is used to indicate any material, such as for 
instance ceramics based on mixed oxides of copper, 
barium, yttrium or bismuth, lead, strontium, calcium, 
copper, thallium and mercury, comprising a supercon- 
ducting phase having a substantially null resistivity at a 
temperature, defined as critical temperature or 
higher than 20 K (about -253°C). 

The term: precursor, is used to indicate in the fol- 
lowing either any compound or mixture of compounds 
capable to form - subsequent to one or more heat treat- 
ments - a superconducting material as defined herein- 
above, or a compound or mixture of compounds 
wherein the superconducting phase has already been 
formed. 

Lastly, the term: electrically conductive element, is 
used to indicate in the following any element capable of 
carrying electric current, such as for instance cables or 
windings for magnet coils or for electric equipment in 
general. 

As is known, in the field of electric power transmis- 
sion, one of the more difficult problems to solve is that of 
making the use of the so-called superconducting mate- 
rials increasingly advantageous, either from a techno- 
logical or from an economic point of view. 

Although these materials are well known, in feet, 
their diffusion has been limited so far to some specific 
practical applications, such as for instance the manufac- 
ture of magnets for NMR apparatuses, for which cost is 
not a discriminating factor. 

Actually, the cost savings due to the smaller power 
dissipated by the superconductor is so far more than 
counter-balanced by the costs of the refrigeration nec- 
essary to keep the superconductor below its critical 
temperature. 

tn order to solve the aforementioned problem, while 
part of the research has been oriented towards the 
experimentation of new superconducting materials, 
another part has attempted to improve either the char- 
acteristics of the existing materials, or the performances 
of the conductors incorporating the materials presently 
available. 

As to the geometric characteristics of the conduc- 
tors, it has been observed, for instance, that the optimal 
geometry is that of the thin tape having a thickness of 
from 0.05 to 1 mm. 


In this case, in fact, the conductor including the 
ceramic superconductor - which is known to be very 
fragile - achieves on the one hand an improved resist- 
ance against the various mechanical bending stresses 

5 to which it undergoes during all the operations con- 
nected to the manufacture, handling and installation of 
the cable containing the same, and, on the other hand, 
achieves better performances as to its critical current 
density, because of the more favourable orientation and 

10 compactness degree of the superconducting material. 
For various reasons and in particular to achieve a 
still greater mechanical resistance, the above conduc- 
tors are generally constituted by a plurality of tapes, 
each formed by a core of superconducting material 

is enclosed in a metal casing, generally silver or silver 
alloys, coupled to one another to produce a multif ilam- 
errtary composite structure. 

According to the prevailing methodology, known in 
the art under the term: "powder-in-tube", this multif ilam- 

20 entary composite structure is obtained starting from a 
plurality of metal tubes filled with a suitable powder pre- 
cursor, which are enclosed in their turn in another exter- 
nal metal tube or a billet, so as to obtain a compact 
bundle of tubes which undergo several subsequent 

25 plastic deformation treatments, of extrusion and/or 
drawing first and then of rolling and/or pressing, until the 
desired tape-shaped structure is obtained. 

Between a rolling treatment and the following one, 
the tape being processed is subjected to one or more 

so heat treatments, in order to promote the formation of the 
superconducting ceramic material starting from its pre- 
cursor and, above all, to promote its sintering, i.e. the 
mutual "welding" of the grains of the superconductor 
powder. 

35 The need of incorporating the superconducting 
material into a plurality of metal tubes, and, especially, 
the need of enclosing the latter in an external casing in 
order to carry out the above-identified plastic deforma- 
tion and sintering treatments on the rrwtifilamentary 

40 composite structure, however, limit to a large extent the 
overall quantity of superconducting material that can be 
incorporated in a tape, with a corresponding limitation of 
the maximum current density achievable in conditions of 
superconductivity or technical critical current density 

45 "J a " defined as the ratio between the critical current and 
the total cross section of the muttrfilamentary composite 
structure. 

The technical problem underlying the present 
invention is therefore to provide a muttifilamerrtary con- 

50 ductive tape, useable, for instance, as a superconduct- 
ing element within a cable, which tape shows an 
improved technical critical current density J G using the 
same quantity of superconducting material. 

According to a first aspect thereof, the present 

55 invention therefore relates to a process for producing a 
superconducting multif ilamentary tape of the aforemen- 
tioned type, which is characterized in that said plastic 
deformation step is carried out on each individual tube 
of said plurality of tubes, so as to obtain a correspond- 
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ing plurality of elementary tapes, structurally independ- 
ent from one another, and in that it comprises at least a 
coupling step of said elementary tapes, including a heat 
treatment at a temperature and for a time sufficient to 
cause a stable mutual connection between said tapes. 

According to the invention, in fact, it has surpris- 
ingly been observed that a tape having the required 
multifilamentary structure may be obtained - without 
using any external containing casing - by submitting 
each tube, filled with superconducting material or a pre- 
cursor thereof, to a first plastic deformation treatment, 
so as to obtain a plurality of structurally independent 
elementary tapes which are then irreversibly coupled 
and welded to one another by means of a heat treat- 
ment at a temperature and for a time sufficient to cause 
a stable mutual connection thereof. 

In contrast to the constant teaching of the prior art, 
in fact it has been observed that even without the use 
of any external containing casing, such heat treatment 
allows to weld the tapes to one another so effectively 
that all the following plasting deformation and/or sinter- 
ing treatments, as well as all the subsequent operations 
carried out on the multifilamentary tape may be per- 
formed without any problem of separation or mutual 
sliding of the individual starting tapes. 

According to the invention, it has been noticed that 
- when the metal matrix is constituted by silver or silver 
alloys - optimum adhesion characteristics between the 
tapes incorporating the superconducting material or a 
precursor thereof may be achieved when the tapes - 
stacked, arranged side by side or anyhow in contact 
with one another - are subjected to a heat treatment at 
a temperature of not less than 600°C for a time of not 
less than 50 hours. 

According to a preferred embodiment the tapes 
incorporate a precursor of the chosen superconducting 
material, and the step of coupling the tapes is advanta- 
geously performed simultaneosly with one of the sinter- 
ing steps necessary to promote the growth of the 
oriented crystalline structure of the final superconduct- 
ing material. 

It has been observed, in fact that the temperature 
and the time necessary to carry out sintering of the pre- 
cursor may ensure those minimum values necessary to 
obtain an adequate adhesion between the tapes. 

For the purposes of the invention, at least a sinter- 
ing step is carried out at a temperature of at least 750°C 
for at least 10 hours and in a controlled atmosphere 
comprising at least 1 % v/v of oxygen. * 

Such conditions, in fact, promote the formation of 
the superconducting ceramic material, starting from its 
precursor and especially the mutual "welding" of the 
superconductor powder grains. 

As superconducting materials, those materials may 
be used that are indicated in the field by the acronym 
BSCCO, having the formula: 

BUPbpSr^CaaC^Ox (I) 


wherein: 

a is a number of from 1 .4 to 2.0; p is a number of from 0 
to 0.6; y is a number of from 1 .3 to 2.5; 6 is a number of 
from 0 to 2.5; c is a number of from 1 .0 to 4.0; x is the 

5 stoichiometric value corresponding to the different 
oxides present 

In particular, in the case of the material indicated as 
BSCCO-2223 having the ideal formula 
(BiPb)2Sr 2 Ca 2 Cu30 x , the sintering step is preferably 

10 carried out at a temperature of from 820 to 835°C and 
for 25 to 150 hours according to the type of precursor 
used, using known ovens well temperature-stabilized 
and in an atmosphere comprising 5 to 10% vN of oxy- 
gen. 

is On the other hand, if the precursor is essentially 
constituted by or anyhow comprises one or more com- 
pounds whose superconducting phase is already 
formed in part, the sintering step promotes a further 
growth as well as a mutual "welding" of the grains of the 

20 superconducting phasa 

According to a further embodiment of the invention, 
the coupling step of the tapes incorporating the precur- 
sor of the superconducting material may be performed 
before carrying out the first of the precursor sintering 

25 steps. 

In such a case, the coupling step of the tapes of 
superconducting material is preferably carried out at a 
temperature of from 600 to 700°C. 

Using temperatures exceeding 700°C, in fact, it has 
30 been found that alteration phenomena of the supercon- 
ducting material may begin to appear, with the irreversi- 
ble formation of undesired solid phases and an ensuing 
degradation of the current transmission properties. 
In this way, a tape is obtained having a multif ilamen- 
35 tary or, better, a multilayered structure incorporating a 
plurality of layers, either of a partly formed supercon- 
ducting material in the first case or of a precursor in the 
second case, incorporated in a mutually spaced rela- 
tionship within a metal matrix. 
40 According to the invention, the multifilamentary 
tape so obtained is preferably subjected to several sub- 
sequent sintering and plastic deformation treatments, 
so as to promote the growth of the crystalline structure 
of the superconducting material and, at the same time, 
45 to improve the orientation and densification of the so 
obtained superconductor. 

Obviously, in the above preferred embodiment - in 
which the coupling step of the tapes incorporating the 
precursor of the superconducting material and the f irst 
so sintering step are carried out simultaneously - it will be 
advantageously possible to proceed directly to a plastic 
deformation step. 

If the sintering and coupling steps of the tapes are 
performed separately, the multifilamentary tape may be 
ss subjected to sintering first and then to plastic deforma- 
tion or vice versa, without any perceptible variation in 
the results. 

According to the invention, in fact, it has been 
observed that the sequence of the steps is not critical 
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for achieving a multifilamentary superconducting tape 
having the required characteristics. 

The process of the invention preferably comprises 
two sintering steps, each performed according to the 
process parameteres indicated above, staggered by at s 
least a plastic deformation step. 

Besides, the plastic deformation steps are prefera- 
bly carried out by rolling with known apparatuses. 

According to a further embodiment of the invention, 
the coupling step of the tapes may be carried out after 10 
each individual tape has been subjected to the neces- 
sary sintering and plastic deformation treatments 
needed to promote the growth of the crystalline struc- 
ture of the superconducting material and, respectively, 
to improve the orientation and the density of the super- is 
conductor so obtained. 

Advantageously, the coupling steps of the tapes 
may be carried out simultaneously with the last of the 
sintering treatments, having already superposed or 
arranged side by side several tapes. 20 

In the alternative, the coupling step of the tapes 
may be carried out after the last of the sintering treat- 
ments at a temperature of from 600 to 700°C. 

According to the invention, it is also possible to cou- 
ple groups of tapes together, obtaining respective semi- 25 
finished products, submit the semi-finished products so 
obtained to plastic deformation and then couple said 
groups to one another simultaneously with one of the 
intermediate sintering treatments, so as to obtain the 
final multifilamentary tape. 30 

In a preferred embodiment, the number of tubes to 
be independently subjected to plastic deformation may/ 
be of from 2 to 9, so as to obtain a corresponding 
number of superconducting material layers - precisely 2 
to 9 - in the final multifilamentary tape. 35 

Still more preferably, the number of tubes independ- 
ently subjected to plastic deformation is equal to 5. 

For the purposes of the invention, the supercon- 
ducting material is chosen among the group compris- 
ing: bismuth, lead, barium, yttrium, strontium, calcium, 40 
thallium and mercury. 

A preferred example of superconducting material is 
a mixed copper-bismuth-lead-strorrtium-calcium oxide 
of the family referred to with the name: BSSCO and hav- 
ing the aforementioned formula (I). 45 

Among the latter, the mixed oxides having the fol- 
lowing ideal general formula are preferred: 

(BiPb) 2 Sr 2 Ca n . 1 Cu n O x 

50 

wherein n is a whole number of from 1 to 3 and x is the 
stoichiometric value corresponding to the different 
oxides present 

Among these, particularly advantageous results 
have been obtained with the mixed oxide referred to ss 
with the name BSSCO-2223 (i.e., wherein n=3), or with 
suitable mixtures of mixed oxides of the above metals, 
in such ratios as to obtain a mean stoichiometry in the 
mixtures corresponding to that of the BSSCO-2223 


oxide. 

For the purposes of the invention, furthermore, the 
metal of the tubes which forms the metal matrix of the 
multifilamentary tape comprises a metal selected from 
the group comprising: silver, silver alloys, copper and 
steel. 

The metal matrix of the multifilamentary tape may 
possibly comprise two or more layers of said metals. 

Preferably, the metal used is silver, possibly rein- 
forced with a suitable "doping" obtained by adding 
thereto elements such as magnesium, copper, nickel or 
titanium. 

According to a further aspect of the invention, the 
above-identified process provides a multifilamentary 
conductive tape comprising a plurality of layers of a 
high-temperature superconducting material incorpo- 
rated in mutually spaced relationship within a metal 
matrix, which material is particularly suitable for manu- 
facturing conductors for cables to be used in the so- 
called power transmission. 

According to the invention, the above multifilamen- 
tary tape is characterized in that it has a fill factor, 
defined by the ratio between the cross section filled by 
the superconductor and the overall cross section of the 
tape, not smaller than 25%. 

The fill factor is preferably not smaller than 33%. 

Thanks to the above high value of the fill factor, the 
multifilamentary tape of the invention allows to reach - 
using the same quantity and quality of the supercon- 
ducting material - a technical critical density greater 
than that which may be obtained with the tapes of the 
known art 

According to a further aspect of this invention, the 
multifilamentary tape comprises a plurality of layers of 
high-temperature superconducting material incorpo- 
rated in mutually spaced relationship within a metal 
matrix and superimposed throughout substantially the 
whole cross section of said mutrfilamentary tape. 

Besides, said layers of superconducting material 
are advantageously extended along substantially the 
whole cross section of said tape. 

Thanks to these structural features, the mutifilam- 
errtary tape object of the invention achieves the desired 
and improved fill factor, and, along therewith, a technical 
critical current density greater than that which may be 
obtained by the tapes of the known art. 

According to a further aspect thereof, the invention 
also refers to an electrically conductive element com- 
prising a multifilamentary tape as described above. 

According to an embodiment of the invention, said 
electrically conductive element may be a cable and in 
particular a cable to be used for the so-called power 
transmission. 

Thanks to the above high fill factor value of the mul- 
tifilamentary superconducting tape, the cable of the 
invention advantageously shows - as compared to the 
ones of known type - an increased power transmission 
capacity with the same size, or a smaller size with the 
same transmitted power. 
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In an alternative embodiment the electrically con- 
ductive element off the invention may be a winding for 
magnet coils or electric equipments. 
. „ Further characteristics and advantages will be bet- 
ter apparent by the following description of some exam- s 
pies of the process for preparing mutifilamentary tapes 
according to the invention. 

The following examples are given by way of non lim- 
itative illustration with reference to the attached draw- 
ings wherein: 

Fig. 1 shows a schematic cross-section of a muttrf il- 
amentary tape according to the prior art; 

Fig. 2 shows a schematic cross-section of a mutrfil- 
amerrtary tape according to the invention. 

With reference to the above figures, a multif ilamen- 
tary tape 1 comprises a plurality of layers of a supercon- 
ducting material, all indicated by 2, incorporated in 
mutually spaced relationship within a metal matrix 3, for 
instance a silver one. 

Figures 1 and 2 show a muttif ilamerrtary tape incor- 
porating a superconducting material obtained according 
to the prior art (19 filaments arranged on 5 layers) and. 
respectively, according to the invention (5 filaments and 
layers). 

In the following examples, some examples of how 
the process according to the invention may be carried 
out will be now given by way of non-limitative indication. 


During such treatment a simultaneous coupling 
step of the stacked tapes took place, producing a com- 
pact multilayered structure incorporating two layers of 
partly formed superconducting materia), having a fill fac- 
tor of about 37%. 

Both the muttif ilamerrtary tape so obtained and the 
single tape sample were then subjected to repeated roll- 
ing passes, operating progressive thickness reductions, 
equal to about 1 0% per pass, in order to improve the ori- 
entation and the density of the superconducting mate- 
rial formed in the previous step. 

In this way, a two-layer tape sample having a thick- 
ness of about 1 70 micron and a one-layer tape sample 
about 90 micron thick were obtained, which were then 
subjected to a second sintering treatment in the same 
conditions and within the same apparatus mentioned 
hereinabove, but for an overall time of 120 hours. 

A brfflamentary and a monof ilamerrtary tapes were 
obtained, having the following characteristics: 



brfilamerrtary 

monof ilamerrtary 

- length: 

7cm 

7 cm 

-width: 

3.5 mm 

3.5 mm 

- thickness: 

0.17 mm 

0.09 mm 

- fill factor: 

37% 

37% 


15 


20 


25 


EXAMPLE 1 / Both the technical critical current density (current 

density in conditions of superconductivity) and the criti- 

A silver tube having inner and outer diameter equal cal current values, were then measured on these tapes 

to about 5.5 mm and, respectively, to about 8.5 mm and 35 using the so-called "four-contact method", according to 

a length of about 10 cm, was filled with a precursor con- the specifications of the IEC 90125/CD standards, 

stituted by a mixture of mixed bismuth-lead-strontium- selecting an "electric field" criterion of 100 microV/m. 

calcium-copper oxides, having the following mean com- Tne brfilamerrtary tape showed a technical critical 

position: Bii aPb0 4Sr2.0Ca2.2Cu3.0Ox, wherein x = 10 ± current density of about 2,220 A/cm 2 and a critical cur- 

1 , and was subsequently deformed in a drawbench, 40 rent of about 9.9 A, comparable with the technical crhti- 

using circular dies and performing many passes to cal current density measured on the monofflamentary 

gradually reduce the tube diameter down to about 2 tape, of 2,200 A/cm 2 , to which corresponded a critical 

mm. current of about 4.89 A. 

The resulting tube was then rolled in a rolling mill, * 

so as to obtain, in this case as well by means of several 45 EXAMPLES 2-4 
rolling passes, a tape having a length of about 3 m, a 

thickness of about 0.1 mm and a width of 4 mm. According to the procedure described in the pre- 
Such tape, incorporating the aforementioned pre- ceding Example 1, muttif ilamerrtary tapes were pre- 
cursor in a silver matrix, showed a fill; factor of about pared starting respectively from 2, 3 and 5 plastically 
37%. so deformed monof Damentary small tapes with a fill factor 

Two samples of the length of 6 cm each, obtained of 33% 
from the above tape, were then stacked and introduced However, in this case the first step of simultaneous 
in a tubular oven where they were submitted, in a con- sintering and coupling of the individual tapes was car- 
trolled atmosphere comprising 8% v/v of 0 2 , to a sinter- ried out by inserting the tapes arranged side by side into 
ing treatment at a temperature of 820°C for 50 hours. 55 a slit having a depth of 8 mm. a width of 0.8 mm and a 
A third sample of the length of 6 cm, obtained from length of 100 mm, obtained in a supporting refractory 
the same tape, was placed near the two previous sam- plate. 

pies and contemporaneously subjected to the same Tne tapes, supported in vertical position, were 

heat treatment in the same oven. welded to one another just in the same way as hap- 
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pened for the stacked tapes of the preceding Example 
1. 

Also in this case, the multifilamentary tapes so 
obtained,, including respectively 2, 3 and 5 layers of 
partly formed superconducting material, were subjected s 
to a further rolling and sintering step. 

In this way. respective multifilamentary tapes were 
obtained on which measurements either of the technical 
critical current density or of the critical current were car- 
ried out according to the procedure explained in the pre- 10 
ceding Example 1 . 

The geometric characteristics of the tested tapes 
and the results of the aforementioned measurements 
are shown in Table I hereunder. 


TABLE I 


Characteristic 

Ex. 

Ex. 

Ex. 


2 

3 

4 

length (cm) 

7.5 

6.5 

6 

width (mm) 

3.5 

3.5 

3.5 

thickness (mm) 

0.17 

0.20 

0.24 

fill factor (%) 

33 

33 

33 

J e (A/cm2) 

1,815 

1,650 

1,650 

critical current (A) 

14.4 

15.4 

18.5 

J e = technical critical current density 


EXAMPLES 

35 

Two silver tubes having an outer diameter of about 
8.5 mm, a wall thickness of 1.5 mm and a length of 
about 10 cm, were filled with the same precursor and 
subsequently drawn and rolled according to the proce- 
dure of the preceding Example 1 . *o 

In this way, two tapes were obtained having a thick- 
ness of 0.1 mm, a width of 3.4 mm and a length of 60 
cm, incorporating the above precursor in a silver matrix 
and having a fill factor of about 37%. 

Said tapes were spiral-wound around a cylindrical 45 
mandrel having a diameter of about 50 mm, externally 
provided with a 1 mm-deep and 5 mm-wide helical 
groove. 

More particularly, the tapes were wound around 
one another with a slight pre-tensioning (smaller than so 
500 g). 

The mandrel with the tapes so wound was then 
inserted into a tubular oven, wherein a first sintering 
step was carried out. 

Even if the thermal expansion of the mandrel was ss 
about 6 times lower than that of the tapes, which turned 
out to be loose at high temperature, the coupling of the 
latter was similar to that obtained in the preceding 
examples. 


The bifilamentary tape obtained was then rolled 
again, without any decohesion problems between the 
coupled layers, and subsequently heat re-treated in the 
same conditions and with the same procedure of the 
preceding Example 1. 

A compact bifilamentary tape was obtained, having 
a thickness of 0.18 mm, a width of 3.5 mm and a length 
of 54 cm, which showed, upon analysis carried out 
according to the procedures illustrated in the preceding 
Example 1, a technical critical current density of about 
1,110 A/cm 2 , as well as a critical current of about 5.8 A. 

EXAMPLE 6 

A silver tube having a diameter of about 8.5 mm, a 
wall thickness of about 1.1 mm and a length of about 10 
cm, was filled with the same precursor powder of the 
preceding Example 1 and subjected to drawing and roll- 
ing. 

Four parts of the same length equal to about 25 cm 
were cut from the tape. 

The four tapes so obtained were then coupled two 
by two, forming two couples of tapes which were then 
separately subjected to respective sintering treatments 
at 820°C for 50 hours in an atmosphere containing 
about 8% vN of oxygen, with simultaneous coupling, 
according to the procedure explained in the preceding 
Example 1. 

Two bifilamentary tapes were obtained, incorporat- 
ing each two layers of partly formed superconducting 
material, which were separately subjected to rolling, so 
as to form tapes having a thickness of 0.17 mm, a width 
of 3.5 mm, a length of 24 cm and a fill factor of about 
35%. 

The two bifilamentary tapes so obtained were then 
stacked and subjected together to a second sintering 
treatment at a temperature of 820°C, for 50 hours and in 
a controlled atmosphere comprising 8% v/v of O2- 

Durtng such treatment, a simultaneous coupling 
step of the bifilamentary tapes took place, which pro- 
duced a compact multilayered structure incorporating 
four layers of partly formed superconducting material, 
having a fill factor of about 35%. 

The multifilamentary tape so obtained was then 
subjected to a second rolling treatment and to a third 
and last sintering step according to the same procedure 
previously indicated. 

A compact multifilamentary tape was obtained, 
which showed, upon analysis carried out according to 
the procedure explained in the preceding Example 1 , a 
technical critical current density of about 1,085 A/cm 2 , 
as well as a critical current equal to about 9 A. 

In order to compare the performances obtainable 
from a multifilamentary tape according to the invention 
with those of the prior art, mutifilamerrtary reference 
tapes were prepared according to the the following 
Examples 7-10. 
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EXAMPLE 7 
(Priori) 

A multifitamentary tape according to the prior art 
was obtained by inserting - inside a containing tube - 19 
silver tubes of hexagonal section, obtained by drawing 
with an hexagonal die-plate round filaments of a diame- 
ter of about 1 .4 mm. each filled with the precursor of the 
preceding Example 1. 

The cross section of each hexagonal-section tube 
was about 1 .27 mm 2 . 

The tube used had the following geometric charac- 
teristics: 


-outer diameter: 

8.5 mm 

- inner diameter: 

6.5 mm 


The tube including in its inside the 19 tubes was 
then repeatedly die-drawn, with a progressive section 
reduction not greater than 10%, to obtain a cylindrical 
mulfrfilamentary structure having an outer diameter of 
about 1.8 mm, which structure was then subjected to 
roiling, according to a procedure similar to that 
explained hereinabove, until a mutifilamentary tape was 
obtained having a thickness of 0.23 mm, a width of 4 
mm and a fill factor of about 19%. 

A 1 0 cm long sample of the multif ilamentary tape so 
obtained was then inserted into a tubular oven where it 
was subjected, in a controlled atmosphere comprising 
8% v/v of 0 2 , to a first sintering treatment at a tempera- 
ture of 820°C, for 50 hours. 

The tape was then subjected to a rolling pass, to 
obtain a thickness reduction of about 10%, in order to 
improve the orientation and density of the supercon- 
ducting material formed in the preceding step. 

The tape so obtained was lastly subjected to a sec- 
ond sintering treatment in the same conditions and with 
the same apparatuses as described above, but for an 
overall time of 120 hours. 

Such treatments did not substantially alter the 
aforementioned size parameters: the sample, in fact, 
showed the following geometric characteristics: 


-thickness: 

0.2 mm i 

-width: 

4 mm 

- length: 

11.5 cm 


On the mutifilamentary tape of known type so 
obtained measurements were then carried out either of 
the technical critical current density, or of the critical cur- 
rent, according to the procedure illustrated in the pre- 


ceding Example 1 , with the following results: 


- technical critical current density: 

665 A/cm 2 

- critical current: 

5.3 A 


10 EXAMPLE 8 
(Invention) 

A second mutifilamentary tape was obtained start- 
is ing from 5 silver tubes having a diameter of 1.4 mm, 
quite identical to those of the preceding example, which 
tubes were independently subjected to rolling and then 
subjected together to the sintering treatments with 
simultaneous coupling and to the intermediante rolling 
20 as described in Example 1 . 

In this case, at the end of the process, a multifilam- 
errtary tape was obtained having the following geomet- 
ric characteristics: 


-thickness: 

0.2 mm 

- width: 

3.8 mm 

-length: 

10 cm 


The fill factor of the tape was equal to about 37%. 

Measurements were then carried out on the so 
35 obtained muftifilamentary tape either of the technical 
critical current density, or of the critical current accord- 
ing to the procedure illustrated in the preceding Exam- 
ple 1 , with the following results: 


- technical critical current density: 

1,110 A/cm 2 

• critical current: 

8.4 A 


Thanks to the increased value of the fill factor, the 
multif ilamentary tape of the invention showed values of 
technical critical current density and of the critical cur- 
rent greater than those achievable with the multif ilamen- 
so tary tape of Example 7. 

EXAMPLE 9 

(Prior art) 

55 

61 tubes having hexagonal cross-section equal to 
those of the preceding Example 7 were inserted within 
a tube having an outer diameter of 13.5 mm and an 
inner diameter of 1 1 .5 mm. 
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The tube so obtained was then deformed according 
to the same procedure of Example 7, obtaining a multi- 
filamentary tape having a width of 4.2 mm, a thickness 
of 0.25 nun and a fill factor of about 25%. 

This multifilamentary tape of known type allowed to 
reach a critical current of about 7.1 A. 

EXAMPLE 10 

(invention) 

A second multifilamentary reference tape was 
obtained according to the process of the invention illus- 
trated in the preceding Example 1 , starting from 9 tubes 
just identical to those of the preceding Example 7. 

This multifilamentary reference tape showed a 
length of 4 mm, a thickness of 0.25 mm and a fill factor 
of37%. 

The multifilamentary tape of the invention showed a 
critical current of about 10 A, greater than that achieva- 
ble with the multrfilamentary tape according to the prior 
art of the preceding Example 9. 

The data of the preceding comparative Examples 
7-10 show that the invention allows to obtain multifilam- 
entary tapes having a fill factor of about 37%. definitely 
greater than the 1 9% and 25% values found in the tapes 
according to the prior art. with an increase in the techni- 
cal critical current density of at least 40%. 

The numerous advantages achieved by the process 
of the invention, furthermore, clearly appear from what 
has been described and illustrated hereinabove. 

Among them, the following ones may be men-/ 
tioned: 

possibility of substantially increasing the fill factor of 
the multifilamentary tape, to the full advantage of 
the current transportable in conditions of supercon- 
ductivity with the same section of the tape; 

extreme operating flexibility; 

possibility of using manufacturing equipment 
known in the art and already available to the techni- 
cians of this field, with advantageous cost savings. 

Besides, the multifilamentary tape of the invention 
shows a greater thickness uniformity throughout its 
cross section, as well as a more homogenous deforma- 
tion degree of the zones filled by the superconducting 
material along its length. 

Obviously, those skilled in the art may introduce 
variants and modifications to the above described 
invention, in order to satisfy specific and contingent 
requirements, variants and modifications which fall any- 
how within the scope of protection as is defined in the 
following claims. 


Claims 

1- Process for producing a multifilamentary conduc- 
tive tape of the type comprising a plurality of layers 
5 of a high-temperature superconducting material, 
incorporated in mutually spaced relationship within 
a metal matrix, said process comprising: 

a) at least a plastic deformation step of a plural- 
io ity of metal tubes including a precursor of a 

superconducting material; and 

b) at least a sintering step of said precursor; 
characterized in that said plastic deformation 

15 step is carried out on each individual tube of 

said plurality so as to obtain a corresponding 
plurality of elementary tapes, structurally inde- 
pendent from one another, and in that the proc- 
ess comprises: 

20 

c) at least a coupling step of said elementary 
tapes including a heat treatment at a tempera- 
ture and for a time sufficient to cause a stable 
mutual connection between said tapes. 

25 

2. Process according to claim 1 , characterized in that 
said heat treatment coupling step of the elementary 
tapes is carried out at a temperature of at least 
6OO0C and for a time not less than 50 hours. 

30 

3. Process according to claim 1 , characterized in that 
the coupling step of said elementary tapes incorpo- 
rating the precursor of the superconducting mate- 
rial is carried out simultaneously with said at least 

35 one sintering step of the precursor. 

4. Process according to claim 1 , characterized in that 
said at least one plastic deformation step and said 
at least one sintering step are carried out subse- 

40 querrt to the coupling step of said elementary tapes. 

5. Process according to claim 4, characterized in that 
the coupling step of said elementary tapes is car- 
ried out at a temperature of from 600° to 700°C. 

45 

6. Process according to claim 1 , characterized in that 
said at least one plastic deformation step and said 
at least one sintering step are carried out on each 
of said structurally independent elementary tapes 

so before carrying out the coupling thereof. 

7. Process according to anyone of the preceding 
claims, characterized in that said at least one sin- 
tering step is carried out at a temperature of at least 

55 750°C for at least 10 hours and in an atmosphere 
comprising at least 1% v/v of oxygen. 

8. Process according to anyone of the preceding 
claims, characterized in that said at least one plas- 
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tic deformation step is carried out by rolling and/or 
pressing. 

, 9. , process according to anyone of the preceding 
claims, characterized in that it comprises at least a 
plastic deformation step and at least two sintering 
steps of said tapes. 

10. Process according to anyone of the preceding 
claims, characterized in that the precursor of said 
superconducting material is selected from mixed 
oxides of copper and one or more metals selected 
from the group comprising: barium, yttrium, bis- 
muth, lead, strontium, calcium, thallium and mer- 
cury. 

1 1 . Process according to claim 1 0, characterized in that 
said superconducting material has the following for- 
mula: 

B^PbpSr^CUeOx (I) 

wherein: 

a is a number of from 1 .4 to 2.0; p is a number of 
from 0 to 0.6; y is a number of from 1 .5 to 2.5; 5 is a 
number of from 0 to 2.5; e is a number of from 1 .0 to 
4.0; x is the stoichiometric value corresponding to 
the different oxides present. 

12. Process according to anyone of the preceding 
claims, characterized in that said metal matrix com- 
prises a metal selected from the group comprising: 
silver, silver alloys, copper, steel. 

1 3. Process according to claim 12, characterized in that 
said metal matrix comprises two or more layers of 
said metals. 

14. Process according to claim 1, characterized in that 
said multifilamentary conductive tape comprises 2 
to 9 layers of said high-temperature superconduct- 
ing material. 

1 5. Multifilamentary conductive tape comprising a plu- 
rality of layers of a high-temperature superconduct- 
ing material incorporated in mutually spaced 
relationship within a metal matrix, characterized in 
that it has a fill factor not smaller than 25%. 

1 6. Multifilamentary conductive tape according to claim 
15, characterized in that it has a fill factor not 
smaller than 33%. 

1 7. Multifilamentary conductive tape according to claim 
15, characterized in that said metal matrix com- 
prises a metal selected from the group comprising: 
silver, silver alloys, copper, steel. 

1 8. Multifilamentary conductive tape according to claim 


17, characterized in that said metal matrix com- 
prises two or more layers of said metals. 

1 9. Multif Pamentary conductive tape according to claim 
s 15, characterized in that said superconducting 

material is a ceramic material obtainable by sinter- 
ing a precursor selected from mixed oxides of cop- 
per and one or more metals selected from the 
group comprising: barium, yttrium, bismuth, lead, 
10 strontium, calcium, thallium and mercury. 

20. Multif ilamerrtary conductive tape according to claim 
19, characterized in that said superconducting 
material has the following formula: 

is 

BiaPbpSr^ClleOx (I) 

wherein: 

a is a number of from 1.4 to 2.0; p is a number of 
20 from 0 to 0.6; y is a number of from 1 .5 to 2.5; 5 is a 
number of from 0 to 2.5; e is a number of from 1 .0 to 
4.0; x is the stoichiometric value corresponding to 
the different oxides present. 

25 21. Multif aamentary conductive tape according to claim 
15, characterized in that it comprises 2 to 9 layers 
of said high-temperature superconducting material. 

22. Multifilamentary conductive tape comprising a plu- 
30 ralrty of layers of a high-temperature superconduct- 
ing material incorporated in mutually spaced 
relationship within a metal matrix, characterized in 
that said layers are superimposed throughout sub- 
stantially the whole cross section of said tape. 

35 

23. MuftifBamentary conductive tape according to claim 
22, characterized in that said layers are extended 
along substantially the whole cross section of said 
tape. 

40 

24. MuftifBamentary conductive tape according to claim 
22, characterized in that said metal matrix com- 
prises a metal selected from the group comprising: 
silver, silver alloys, copper, steel. 

45 

25. Multif Oamentary conductive tape according to claim 
22, characterized in that said metal matrix com- 
prises two or more layers of said metals. 

so 26. Multifilamentary conductive tape according to claim 
22, characterized in that said superconducting 
material is a ceramic material obtainable by sinter- 
ing a precursor selected from mixed oxides of cop- 
per and one or more metals selected from the 

55 group comprising: barium, yttrium, bismuth, lead, 
strontium, calcium, thallium and mercury. 

27. Multifilamentary conductive tape according to claim 
26, characterized in that said superconducting 
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material has the following formula: 

Bi a Pb p Sr/)a 6 Cu e O x (I) 

wherein: 5 
a is a number of from 1.4 to 2.0; p is a number of 
from 0 to 0.6; y is a number of from 1 .5 to 2.5; 6 is a 
number of from 0 to 2.5; e is a number of from 1 .0 to 
4.0; x is the stoichiometric value corresponding to 
the different oxides present 10 

28- Multif ilamentary conductive tape according to claim 
22, characterized in that it comprises from 2 to 9 
layers of said high-temperature superconducting 
material. 15 

29. Electrically conductive element, characterized in 
that it comprises a multif ilamentary tape according 
to anyone of claims 15 to 28. 

20 

30. Electrically conductive element according to claim 
29, in which said element is an electric cable. 

31. Electrically conductive element according to claim 

29, in which said element is a coil winding for mag- 25 
nets or electric equipments. 


30 
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